Background/Aims: This study aimed to investigate the prevalence of chronic kidney disease (CKD) and associated risk factors in a high-risk population in Korea. Methods: A total of 6,045 participants aged ≥ 65 years (mean age, 73.0 ± 5.5) with diabetes or hypertension were enrolled. Participants were screened for CKD, which was defined as the presence of albuminuria (urine albumin-to-creatinine ratio ≥ 30 mg/g) or an estimated glomerular filtration rate (eGFR) < 60 mL/ min/1.73 m 2 . Results: The prevalence of CKD was 39.6% (women, 40.3%; men, 38.4%). Albuminuria was detected in 22.6% of participants, whereas eGFR < 60 mL/min/1.73 m 2 was found in 24.6% of participants. The prevalence of CKD by stage was 4.4% for stage 1, 10.4% for stage 2, 23.4% for stage 3, 0.9% for stage 4, and 0.3% for stage 5. Older age, concomitant diabetes and hypertension, higher body mass index, higher systolic and diastolic blood pressure, and higher hemoglobin A1c levels were independently associated with the presence of CKD in multivariate-adjusted analyses that included with age, sex, body mass index, hypertension, diabetes, and smoking. Conclusions: The prevalence of CKD was very high in the present high-risk Korean population. Our results suggest that a screening method for early detection of CKD in high-risk populations is needed in Korea. than that for patients without CKD. In 2010, the total medicare expenditure for patients with end stage renal disease (ESRD) in the United States exceeded 28 billion US dollars [9] . Although the health problems and medical care costs related with CKD are significant, the NHANES 1999 to 2000 survey suggested that overall, only 2.0% of the adult population self-reports an awareness of weak or failing kidneys [3]. Therefore, many studies have emphasized the importance of early CKD detection through general population screening and referral to a nephrologist [10, 11] .
INTRODUCTION
Chronic kidney disease (CKD) is increasingly recognized as a global public health problem. The burden of CKD has been increasing worldwide over the last decade and is expected to increase futher [1] . According to data from the National Health and Nutrition Examination Surveys (NHANES), the prevalence of CKD in the United States increased by 13.1% from 1999 to 2004, compared with 8.8% from 1988 to 1994 [2, 3] . European studies suggest that the prevalence of CKD in different European areas is 9.2% to 12.5% [4] . Similar to Western countries, the prevalence of CKD in Asia is also increasing, with recent studies suggesting that the prevalence of CKD in the adult population is 12.9% in Japan and 11.8% in China [5, 6] .
CKD is associated with a higher risk of hospitalization, cardiovascular events, cardiovascular mortality, non-cardiac mortality, and all-cause mortality [7, 8] . The cost of health services for patients with CKD is 1.8 times higher www.kjim.org http://dx.doi.org/10.3904/kjim. 2014.243 than that for patients without CKD. In 2010, the total medicare expenditure for patients with end stage renal disease (ESRD) in the United States exceeded 28 billion US dollars [9] . Although the health problems and medical care costs related with CKD are significant, the NHANES 1999 to 2000 survey suggested that overall, only 2.0% of the adult population self-reports an awareness of weak or failing kidneys [3] . Therefore, many studies have emphasized the importance of early CKD detection through general population screening and referral to a nephrologist [10, 11] .
According to data from the Korean NHANES, the prevalence of CKD in the general adult population in Korea has increased from 8.9% to 13.7% from 2001 to 2006 [12, 13] . Since 1986, the prevalence and incidence of ESRD have been increasing owing to an increase in CKD patients with risk factors such as older age, diabetes, and hypertension [14] . However, only a limited number of studies have investigated the prevalence of CKD in Korean patients with these risks factors. Therefore, this cross-sectional study aimed to investigate the prevalence of CKD and associated risk factors in a high-risk adult population.
METHODS

Study population
We used data from the Hypertension, Diabetes Registration and Management system, operated by the Korea Center for Disease Control and Prevention. This computerized registration systems collects data on management and health education from citizens aged ≥ 30 years with hypertension or diabetes who visited health centers as well as primary or secondary private institutions from 2007 in five cities (Daegu, Gwangmyeong, Namnyangju, Hanam, and Ansan). We performed a cross-sectional study using data from 2011 of 6,187 participants aged ≥ 65 years. Finally, 6,045 subjects with information on renal function and kidney damage markers such as albuminuria were included in this analysis to assess the prevalence of CKD in a high-risk adult population.
This study was approved by the Institutional Review Board of Chonnam National University Hospital, Gwangju, Republic of Korea (CNUH-2014-100). This Institutional Review Board waived the need for consent given the retrospective design of the project. The study was performed in accordance with the Helsinki Declaration of 1975, as revised in 2000.
Measurements
The subjects visited the local hospital in each city. Health examination data included anthropometric measurements, blood pressure (BP), blood chemistry, and urine test results. Information on age, sex, birth date, and other pertinent medical data was obtained. Anthropometric measurements, including height and weight, were determined, and body mass index (BMI) was calculated by dividing the weight (kg) by the height (m 2 ). BP was measured twice using a standard protocol; the second measurement was performed after a 15-minute rest period. A third measurement was performed if the difference between the first to measurements was > 5 mmHg. Blood and urine samples were collected in the morning after an overnight fast ≥ 8 hours. Serum creatinine was measured using the modified Jaffe kinetic reaction in all participating hospitals. Urine albumin was measured by immunoturbidimetry and urine creatinine by the kinetic Jaffe method.
Definitions
Albuminuria was defined as a urine albumin to creatinine ratio (mg albumin/g creatinine, uACR) ≥ 30 mg/g. Microalbuminuria was defined as a uACR of 30 to 299 mg/g, and macroalbuminuria was defined as a uACR ≥ 300 mg/g. Estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [15] . Reduced renal function was defined as an eGFR < 60 mL/min/1.73 m 2 [16] .
Diabetes was defined as the use of glucose lowering medicine, fasting plasma glucose ≥ 126 mg/dL, or hemoglobin A1c ≥ 6.5%. Hypertension was defined as the use of antihypertensive medication, systolic BP ≥ 140 mmHg, or diastolic BP ≥ 90 mmHg. BMI was categorized into quartiles (Q): Q1, BMI < 22.6 kg/m 2 ; Q2, BMI
Statistical analysis
Data are presented as mean ± standard deviation for continuous variables, and as proportions for categorical variables. Patients' characteristics were compared using the chi-square test for categorical variables. Student t tests were used to compare continuous variables. Multivariate logistic regression models were used to estimate the odds ratio (OR) and 95% confidence interval (CI) to determine the relationship between CKD and risk factors, adjustments for age, sex, BMI, hypertension, diabetes, and smoking. Statistical analysis was performed with PASW SPSS version 18.0 (SPSS Inc., Chicago, IL, USA). All p values < 0.05 were considered statistically significant.
RESULTS
Participant characteristics
The sample included 6,045 participants (women, 61.9%), with mean age of 73.0 ± 5.5 years (73.5 ± 5.5 in women; 72.3 ± 5.2 in men). The proportions of participants in the 65 to 69, 70 to 79, and ≥ 80 years age groups were 26.9%, 57.4%, and 15.7% in women, respectively, and 34.2%, 56.4%, and 9.4%, in men, respectively. Hypertension was more common in women, whereas diabetes and smoking were more common in men. BMI was higher in women. On the other hand, diastolic BP and serum creatinine levels were higher in men. Systolic BP, hemo- globin A1c, uACR, and eGFR were not different between women and men ( Table 1) .
Prevalence of kidney damage markers and CKD
The overall prevalences of albuminuria and reduced renal function were 22.6% and 24.6%, respectively. The prevalence of albuminuria was not different between women and men. In the sub-analysis, the prevalence of macroalbuminuria was higher in men (microalbuminuria, 20.7% vs. 19.4%, p = 0.237; macroalbuminuria, 1.9% vs. 3.2%, p = 0.002). The prevalence of reduced renal function was not different between women and men (25.0% vs. 24.3%, p = 0.552) ( Table 1 ).
In the present study, 39.6% of participants (n = 2,392) had CKD, of which 4.4% had stage 1, 10.4% had stage 2, 23.4% had stage 3, 0.9% had stage 4, and 0.3% had stage 5 CKD (Table 2 ). A significant difference was not found between the prevalence of CKD in women and men (40.3% vs. 38.4%, p = 0.151) ( Table 1) . Table 3 shows the prevalence of CKD in the high-risk population stratified by age, eGFR, diabetes, and hypertension status. Overall, 17 .4% (n = 1,054) of participants had an eGFR of 45 to 59 mL/min/1.73 m 2 , and 6.0% (n = 363) had an eGFR of 30 to 44 mL/min/1.73 m 2 .
Prevalence of kidney damage markers and CKD according to age, sex, BMI, and comorbidity
The prevalence of albuminuria, reduced renal function, and CKD increased with age in both women and men (p < 0.001) (Fig. 1) . Moreover, the prevalences of albuminuria, reduced renal function, and CKD within each group were significantly higher in subjects with diabetes and hypertension (p < 0.001) (Fig. 2) . CKD was more common in non-smokers (p = 0.028). The prevalences of reduced renal function, albuminuria, and CKD by sex and BMI classification were not different. Reduced renal function, albuminuria, and CKD were associated with increased systolic BP (p < 0.001). Reduced renal function (p < 0.001) and CKD (p = 0.013) were more common in subjects with increased diastolic BP. The prevalences of albuminuria (p < 0.001) and CKD (p = 0.002) increased with increasing hemoglobin A1c level (Table 4) . Reduced renal function was independently associated with older age, concomitant diabetes and hypertension, male sex, BMI Q4, systolic BP levels of 120 to 139 mmHg, diastolic BP levels of 80 to 99 mmHg, and hemoglobin A1c levels ≥ 9. Predictors of albuminuria were older age, diabetes, concomitant diabetes and hypertension, higher systolic and diastolic BP, and higher hemoglobin A1c levels (Table 5) .
DISCUSSION
To our knowledge, the present study is the first to investigate the prevalence of reduced renal function, albuminuria, and CKD in a high-risk adult population in Korea. The prevalences of reduced renal function, albuminuria, and CKD in the study population were 24.6%, 22.6%, and 39.6%, respectively. Factors such as older age, diabetes, concomitant diabetes and hypertension, higher BMI, higher systolic and diastolic BP, and higher he- moglobin A1c levels were associated with an increased prevalence of CKD. The prevalence of reduced renal function in the highrisk population in our study was similar to that reported for elderly US and Polish populations, which were 26.2% and 21.2%, respectively [2, 17] . The prevalence of reduced renal function in subjects aged ≥ 55 years with diabetes or hypertension was 37.1% in the HUNT (Nord-Trondelag Health Study) II (Norway) and 54.8% in the elderly general population from the AusDiab (Australian Diabetes, Obesity and Lifestyle Study) survey (Australia) [18, 19] . In the present study, the prevalence of reduced renal function was 18.9% in subjects with diabetes and 21.4% in subjects with hypertension (Fig. 2) . Although different tools were used to calculate the eGFR, the prevalence of reduced renal function in the high-risk population was similar to that in previous studies. The KDIGO (Kidney Disease: Improving Global Outcomes) guidelines recommend uACR monitoring as the best index of early vascular endothelial injury [16] . In the general population, the prevalences of albuminuria according to uACR were 10.1% in America and 6.3% in China [3, 6] . The prevalences of albuminuria in the elderly Polish population were 12.3% overall, 17.6% in subjects with diabetes, and 12.9% in those with hypertension [17] . Our study showed that prevalence of albuminuria was 22.6% overall, 22.7% in subjects with diabetes, 17.9% in subjects with hypertension, and 29.4% in subjects with diabetes and hypertension. The subjects with diabetes had a 1.447-fold increased risk for albuminuria than those with hypertension. Although there were differences between the high-risk populations in our study and previous studies, the prevalence of kidney damage markers in the high-risk population was considerably higher overall than in the general population. The prevalence of CKD among the high-risk population in our study was 39.6%. In another study, the prevalence of CKD was 4 times higher (45.7% vs. 11.6%) in the elderly patients than in younger participants [20] . Furthermore, a high prevalence of CKD (34% to 42.8%) was reported in outpatients with high-risk factors [21] . Although the differences in area characteristics, screening tools, and sampling methods might have resulted in different prevalence rates [22] , these results suggest that the prevalence of CKD in high-risk groups is considerably higher than that in the general population. Thus, some studies suggest that screening for CKD in high-risk populations is more cost-effective than in the general population [23] . Therefore, our results suggest that a screening method for early detection of CKD in high-risk populations is warranted in Korea, where the prevalence of CKD is increasing.
Advanced age is a well-known risk factor for CKD. The prevalence of reduced renal function increase with increasing age [3, 17, 18] . In Asia, CKD stage 3 is reportedly more common in elderly patients than in younger patients (33.5% vs. 4.1%) [20] . In a 10-year population-based study of 58,000 patients (median age, 75.0 years; range, 67.0 to 81.2) with CKD stage 3, older age was an independent predictor of renal survival and change in eGFR [24] . In the AusDiab survey, older age was a predictor of kidney damage markers, such as proteinuria (OR, 2.5; 95% CI, 1.9 to 3.2) and reduced renal function (OR, 101.5; 95% CI, 61.4 to 162.9) [19] . Similarly, our results suggest that CKD stage 3 (23.4%) is the most common stage in subjects with CKD and that older age in high-risk subjects is, a predictor of kidney damage markers.
A number of studies have suggested that smoking increases the risk of CKD [25, 26] . However, in the present study, CKD was more common in nonsmokers, and after adjustment for several potential confounding factors, smoking was not associated with the risk of CKD. According to recent data from the NHANES, the rate of current smoking was lowest in those aged ≥ 60 years [27] . Because our study population included patients aged ≥ 65 years with chronic disease, the rate of current smoking was relatively lower than the NHANES data. Also, our questionnaire did not obtain detailed information on tobacco use, such as the amount used, start and stop dates, and changes in use over time. This could explain the lack of relationship between smoking and risk of CKD in present study. A high BMI was an independent predictor of developing reduced renal function in the Framingham cohort [28] . A community-based screening program in Okinawa found that the cumulative incidence of ESRD increased 1.48-fold in individuals in the highest BMI quartile compared with those in the lowest BMI quartile [29] . In a 12-year Southeast Asian cohort study, high BMI (> 24.9 kg/m 2 ) was an independent risk factor for the development of reduced renal function [30] . In our study, high BMI (> 26.5 kg/m 2 ) was shown to be an independent risk factor for the development of reduced renal function and CKD. Although not significant, a similar trend for the development of reduced renal function and CKD existed with both low and high BMI (< 22.6 and > 24.4 kg/ m 2 ) compared with other studies [29, 30] .
It is known that hypertension and diabetes are risk factors for new-onset kidney disease [28, 31] . Our study confirms that concomitant or uncontrolled hypertension and diabetes are significantly related to the prevalence of kidney damage markers or CKD.
The present study has several limitations. First, selection bias could have occurred with the inclusion of older patients or a high-risk subgroup [32] . However, we have corrected the selection bias using multivariate logistic regression models. Second, a cross-sectional study design makes it difficult to infer causality between risk factors and the development of CKD. Third, our definition of CKD-defined as albuminuria or an eGFR < 60 mL/min/1.73 m 2 -did not include other kidney damage makers. Moreover, repeated measurements of creatinine levels and albuminuria were not performed. Overall, these factors could have led to underestimation or
